Studies examining the relationship between diabetes mellitus (DM) and the risk of gastric cancer incidence or gastric cancer mortality have produced inconsistent results. The purpose of this study was to evaluate the evidence regarding the relationship between DM and subsequent gastric cancer incidence or gastric cancer mortality risk on the basis of cohort studies. A systematic search of articles in PubMed, EmBase, the Cochrane Library, and reference lists was conducted to identify relevant literature. Twenty-two cohort studies reporting data on 8,559,861 participants were included in the study. Overall, participants with DM had little or no change in the risk of gastric cancer, or gastric cancer mortality. There was no evidence of difference in the RR for gastric cancer between men and women. Participants with DM had a non-significant trend towards an increased risk of gastric cancer mortality in men. There was no significant difference between men and women for this relationship. Finally, although subgroup analysis suggested DM was associated with a significant impact on gastric cancer incidence and gastric cancer mortality risk in several specific populations, a significance based on gender difference was not observed. In conclusion, DM might increase the risk of gastric cancer in men when the study used standard incidence/mortality ratio as effect estimate. Further, DM were associated with higher risk of gastric cancer mortality in men if the mean age at baseline less than 55.0 years, used RR or HR as effect estimate, the study adjusted smoking or not, and the study not adjusted alcohol drinking.
INTRODUCTION
Diabetes mellitus (DM) is a growing global pandemic afflicting approximately three to four percent of adults worldwide. An estimated 366 million people worldwide will development in DM by 2030 [1] [2] [3] [4] . DM may predispose patients to premature illness and death due to the relevant risk of cardiovascular diseases [5] [6] . In addition, the relationship between DM and cancer risk has been examined in numerous meta-analyses [7] [8] [9] [10] [11] [12] [13] [14] . Epidemiologic studies examining the association between DM and gastric cancer risk have largely been inconclusive and provide conflicting results [15] [16] [17] [18] [19] [20] [21] , including two meta-analyses of the relationship between DM and the risk of gastric cancer [22] [23] . Furthermore, whether these relationships differ according to gender in specific subpopulations remains controversial.
In 2012 alone, there were approximately 952,000 gastric cancer cases and 723,000 deaths from gastric cancer worldwide, accounting for 6.8% of the total cancer cases and 8.8% of all cancer deaths [24] . Several metaanalyses have indicated that numerous lifestyle factors might play beneficial or harmful impacts on the risk of gastric cancer [25] [26] [27] . Yang et al suggested that being overweight or obese associates with an increased risk of gastric cancer and the strength of this relationship Review increases with increasing body mass index (BMI) [28] . It is also worth noting that increased BMI is associated with an increased risk of DM [29] . Clarifying the potential role that DM plays on the risk of gastric cancer is particularly important in the DM populations, as it has not been definitively determined. Hence, the role of DM on the risk of gastric cancer incidence or mortality still needs further evaluation and discussion. Here we attempted a large-scale examination of the available cohort studies to determine the association between DM and the incidence of gastric cancer or gastric cancer mortality. Furthermore, we also evaluated gender differences in this relationship in patients with different baseline characteristics.
RESULTS

Literature search
The process of study selection is presented as a flow chart in Figure 1 . A total of 2,130 articles from the initial search were identified and screened, of which 2096 were excluded due to being irrelevant, reviews, letters to the editor, having a case control design, producing no desirable outcomes, or including participants with other diseases. A total of 34 studies were reviewed in detail, and 4 without gastric cancer incidence or mortality outcomes were ruled out and another 8 studies were excluded as being different publications of the same sample of participants, thereby including main results that had already been reviewed [30] [31] [32] [33] [34] [35] [36] [37] . Ultimately, 22 studies were eligible for the final pooled analysis [15] [16] [17] [18] [19] [20] [21] [49] [50] [51] [52] [53] [54] [55] [56] [57] [58] [59] [60] [61] [62] [63] . A manual search of the reference lists of these studies did not yield any new eligible studies. The general characteristics of the included studies are presented in Table 1 .
Study characteristics
The 22 included studies covered a total of 8,559,861 individuals and reported 13,538 new gastric cancer cases and 2,140 deaths due to gastric cancer. The sample size for each individual study was 1,135-4,501,578 participants, while the follow-up period for participants was 3.9-25.0 years. Seven studies were conducted in Asia [16, 20, 50-52, 61, 63] , 9 in Europe [15, 17, 19, 21, 53, 54, 56, 58, 60] , and 6 in the USA [18, 49, 55, 57, 59, 62] . 4 studies used self-administered questionnaires [20, 49, 62, 63] , 7 studies used self-reporting [16, 18, 50-52, 54, 56] , 7 studies used medical records [15, 17, 19, 21, 53, 58, 61] , and the remaining 4 studies used blood glucose tests [55, 57, 59 , 60] to assess exposure. Eight studies used SIR/ SMR to evaluate the relationship between DM and gastric cancer incidence or mortality [15, 17, 19, [52] [53] [54] [55] 59] , and the remaining 14 studies used OR, RR or HR to calculate this association [16, 18, 20, 21, 49-51, 56-58, 60-63] . Fourteen studies evaluated the relationship between DM and the incidence of gastric cancer [15-21, 50, 51, 54, 57, 59, 61, 63] , and ten studies evaluated the relationship between DM and the risk of gastric cancer mortality [16, 49, 52-56, 58, 60, 62] . Study quality was evaluated using the NOS score (Table 1) [39] . Overall, 1 study had a score of 9 [16] , 8 studies had a score of 8 [18, 20, 49, 50, 57, 61-63] , 6 studies had a score of 7 [19, 51, 53, 56, 59, 60] , 6 studies had a score of 6 [15, 21, 52, 54, 55, 58] , and the remaining 1 study had a score of 5 [17] .
DM and the risk of gastric cancer incidence or mortality
A total of 15 studies reported an association between DM and the incidence of gastric cancer [15-21, 50, 51, 54, 56, 57, 59, 61, 63] . The summary RR showed that participants with DM were not associated with a change in gastric cancer risk (RR: 1.10; 95%CI: 0.94-1.29; P = 0.229; Figure 2A ), but substantial heterogeneity was Figure 2B ). Substantial heterogeneity was observed in the magnitude of the effect across the studies (P < 0.001).
DM and the risk of gastric cancer incidence in men and women
There were 11 studies with data available for men [15, 16, 18, 20, 21, 50, 51, 57, 59, 61, 63] and 10 studies for women [15, 16, 18, 20, 21, 50, 51, 59, 61, 63] . The summary analysis results for men and women with or without DM showed that DM was not associated with the risk of gastric cancer incidence in men (RR: 1.00; 95%CI: 0.90-1.11; P = 0.972; Figure 3A ) or in women (RR: 1.07; 95%CI: 0.93-1.22; P = 0.368; Figure 3B ). Gender difference was not significantly associated with the relationship between DM and gastric cancer incidence (RRR: 0.93; 95%CI: 0.77-1.14; P = 0.495). Furthermore, we noted potential evidence of heterogeneity for gastric cancer in men (I-square: 67.0%; P = 0.001), and mild heterogeneity for gastric cancer in women (I-square: 35.1%; P = 0.127). Once sensitivity analyses were conducted for men and women, we noted that the conclusion was not affected by the systematic exclusion of any one specific study from the pool (Supplemental 2: Tables S1 and S2 ). However, women were found to have increased risk for gastric cancer when excluding the JACC study [20] (RR: 1.09; 95%CI: 0.99-1.20; P P = 0.066; I-square: 0.9%; P value for heterogeneity: 0.426), which illustrated the incidence of gastric cancer is gradually decreasing in Japan recently.
DM and the risk of gastric cancer mortality in men and women
The breakdown for the number of studies available for mortality associations with men and women was 6 [16, 49, 52, 53, 58, 60] and 5 studies [16, 49, 52, 53, 58] , respectively. The summary analysis results for men and women with or without DM indicated that DM was not associated with the risk of gastric cancer mortality in men (RR: 1.33; 95%CI: 0.93-1.89; P = 0.114; Figure  4A ) or women (RR: 1.40; 95%CI: 0.95-2.06; P = 0.085; Figure 4B ). The RRR indicated that no gender difference existed for this relationship (RRR: 0.95; 95%CI: 0.56-1.61; P = 0.848). Substantial heterogeneity was detected for gastric cancer mortality in men and women (men: I-square: 96.0%, P < 0.001; women: 93.1%, P < 0.001). According to sensitivity analyses, DM was associated with an increased risk of gastric cancer mortality in men when excluding the Tseng study, the study specific reported SMR at different age stages, and the effect estimate was inconceivable higher in DM patients aged 25-64 years [52] (RR: 1.17; 95%CI: 1.07-1.28; P < 0.001; I-square: 1.2%; P value for heterogeneity: 0.400; Supplemental 2: Table S3 ), which specifically included a wide range of participants and had a mean age greater than 25.0 years. Similarly, after excluding the Tseng study [52] , we noted participants with DM may have an increased risk of gastric cancer mortality in women (RR: 1.21; 95%CI: 1.06-1.40; P = 0.006; I-square: 0.0%; P value for heterogeneity: 0.533; Supplemental 2: Table S4 ). 
Subgroup analysis
Substantial heterogeneity was detected for gastric cancer incidence and mortality in men and women. We therefore performed subgroup analyses to minimize heterogeneity and evaluate the potential role of DM on the progression of gastric cancer among the included studies. First, DM was associated with an increased risk of gastric cancer incidence in men if the study used SIR/SMR as an effect estimate index (Table 2) . Second, participants with DM showed an increased risk of gastric cancer mortality if the study was conducted on women in Western countries, the study used OR, RR, or HR as an effect estimate index, and the study was not adjusted for smoking or alcohol consumption (Table 3) . Third, DM significantly increased the risk of gastric cancer mortality in men if the mean age was less than 55 years, the study used OR, RR, or HR as an effect estimate index, and the study was not adjusted for alcohol consumption (Table 3 ). There were no gender differences for gastric cancer incidence and gastric cancer mortality in specific subsets.
Publication bias
Review of the funnel plots could not rule out the potential for publication bias for gastric cancer incidence and gastric cancer mortality ( Figure 5 ). The Egger [47] and Begg tests [48] results showed no evidence of publication bias for gastric cancer incidence (P value for Egger: 0.892; P value for Begg: 0.621) or gastric cancer mortality (P value for Egger: 0.148; P value for Begg: 0.348).
DISCUSSION
Our current study was based on cohort studies and explored all possible correlations between DM and the outcomes of gastric cancer incidence and gastric cancer mortality. This large quantitative study included 8,559,861 participants from 22 cohort studies with a broad range of populations. The findings from our study indicate that DM has no overall significant impact on the risk of gastric cancer incidence and gastric cancer mortality. Subgroup analyses suggested mean age at baseline, effect estimate, adjusted smoking, alcohol drinking or not might affect the incidence of gastric cancer mortality in men, and Country, effect estimate, adjusted smoking, alcohol drinking or not were affect gastric cancer mortality in women. However, there were no gender differences between men and women for any correlations of DM and gastric cancer.
The methodological evaluation of each included study was limited by the representativeness of the exposed cohort, selection of the non-exposed cohort, ascertainment of DM, demonstration that outcomes were not present at the start of study, comparability on the basis of the design or analysis, assessment of outcome, adequate follow-up duration, and adequate follow-up rate. Our meta-analysis of cohort studies provides unclear results for the selection of the non-exposed cohort if the study reported SIR/SMR as the effect estimate, which contributed to heterogeneity in overall analysis. Therefore, the summary results might be biased due to different effect estimate indexes.
A previous meta-analysis suggested that DM patients had a similar risk of gastric cancer incidence and substantial heterogeneity was observed. Furthermore, subgroup analyses indicated DM significantly increased the risk of gastric cancer in men, whereas it had no effect in women [23] . However, another meta-analysis suggested that total participants with DM have an increased risk of gastric cancer, and are positively associated with gastric cancer mortality [22] . The inherent limitation of those previous meta-analyses is that case control studies were included and various confounding factors might be biasing the results, as several important confounders cannot be adjusted. We therefore conducted this study to evaluate the relationship between DM and the risk of gastric cancer incidence or mortality on the basis of gender.
Most of our findings were in agreement with a recently published large cohort study conducted in the UK [54] . This prospective study included 28,900 patients with insulin-treated diabetes and found that DM was not associated with gastric cancer incidence or mortality risk. The reason for this could be that the study design used total cancer events as primary outcomes, and the sample size might not have been sufficient to evaluate the relationship between DM and gastric cancer risk. Event rates were lower than expected, which always requires broad confidence intervals, resulting in no statistically significant difference. Chodick et al [51] conducted a cohort study and, after an 8 year follow-up, concluded that there was no significant increase in overall risk of gastric cancer incidence between DM and non-DM participants. Xu et al [63] did not find any evidence that type 2 DM was associated with an increased risk of gastric cancer either in men or in women. Our current study also indicated that DM has no significant effect on the overall risk of gastric cancer. Yet symptoms of gastric cancer can be hidden and diagnosis might come late in DM patients with gastric cancer, which could incorrectly lend toward this conclusion of non-significant correlations.
There was no significant difference between DM and non-DM participants and the risk of gastric cancer incidence or mortality. However, several studies included in our study reported inconsistent results. Jee et al [16] indicated that elevated fasting serum glucose and DM are independent risk factors for gastric cancer, and the relative risk tends to increase accompanying an increased fasting serum glucose level. Similarly, Lin et al [18] found a significant association between DM and the higher risk of gastric cancer. They explained this relationship saying that DM patients with hyperglycemia may cause dysregulation of energy balance, which could affect intracellular metabolism and impair immune system and might play an important role in the progression of gastric cancer [64] . Conversely, a significantly reduced risk for gastric cancer following DM was detected in Khan et al and Adami et al [20, 21] . These could be due to time effects in certain cases, with an early decrease followed by an increased risk.
Subgroup analysis suggested that males with DM were associated with an increased risk of gastric cancer if the study used SIR/SMR as an effect estimate index. Furthermore, participants with DM might have an increased risk of gastric cancer mortality in multiple subsets. It is possible that longer diabetes duration could be associated with insulin resistance and hyperinsulinemia, which might has an effect on promoting cell growth and proliferation. Although an important population-based study compared the incidence of gastric cancer in insulin users and nonusers and showed a lack of association between insulin use and gastric cancer, which might due to DM patients received insulin or not with different DM status [65] . Furthermore, most confounders cannot be adjusted in several studies, which might bias the summary result. Finally, several conclusions may be variable since smaller cohorts were included. Therefore, relative results with a comprehensive review were provided in our study.
We noted higher heterogeneity for the summary results, the reason for this could be the baseline characteristics might affect the relationship between DM and gastric cancer incidence or mortality. Tseng et al indicated hyperglycemia, Helicobacter pylori (HP) infection, high salt intake, medications and comorbidities might play an important role on the risk of gastric cancer. They stated DM patients was associated with higher infection rate, lower eradication rate and higher reinfection rate of HP. Further, salt intake might affect HP infection [66] . However, salt intake and HP infection status were not reported in the studies included in our meta-analysis. In addition, patients in different ethnicities and geographical regions with different levels of salt intake and HP infection, which may affect the relationship between DM and gastric cancer and contribute to the potential heterogeneity. Furthermore, Tseng et al resulted DM patients received metformin might affect the incidence of gastric cancer [67] . Finally, they indicated DM was contributed a harmful effect on gastric cancer, whereas insulin use has no significant effect on the gastric cancer risk [65] . In this study, mostly studies included could not adjusted antidiabetic drugs, which may introduce potential heterogeneity.
Three strengths of our study should be highlighted. First, only cohort studies were included, which should eliminate uncontrolled biases. Second, the large sample size allowed us to quantitatively assess the association of DM with the risk of gastric cancer and mortality, potentially making our findings more robust than those of any individual study. Third, the summary RRR was employed to evaluate gender differences for this relationship.
The limitations of our study are as follows: (1) the adjusted models are different across the included studies, and these factors might play an important role in the development of gastric cancer; (2) the incidence of gastric cancer and mortality was difference, which might introduce uncontrol biases; (3) postmenopausal status in women might affect the incidence of gastric cancer or mortality, whereas the results of stratified analysis in individual study was not available; (4) in a meta-analysis of published studies, publication bias is an inevitable problem; and (5) the analysis used pooled data (individual data were not available), which restricted us from performing a more detailed relevant analysis and obtaining more comprehensive results.
The findings of this study suggest that DM is not associated with overall changes in gastric cancer or mortality risk. Furthermore, subgroup analyses suggested that certain participants (mean age at baseline less than 55.0, used RR or HR as effect estimate, the study adjusted smoking or not, and the study not adjusted alcohol drinking in men, and the study conducted in Western Countries, used RR or HR as effect estimate, not adjusted smoking or alcohol drinking in women.) with DM may see a higher risk of gastric cancer mortality. Future studies are needed to focus on specific populations and evaluate potential interactions of other important confounders.
MATERIALS AND METHODS
We followed Preferred Reporting Items for Systematic reviews and Meta-analysis guideline in reporting this systematic review and meta-analysis [38] .
Data Sources, Search Strategy, and Selection Criteria
Literature research was carried out by searching relevant publications via the electronic databases PubMed, EmBase and the Cochrane Library. Any cohort study that examined the relationship between DM and the risk of gastric cancer incidence or mortality was eligible for inclusion in our study, and no restrictions were placed on language or publication status (published, in press, or in progress).The following search terms ("gastric" OR "stomach") AND ("carcinoma" OR "cancer" OR "neoplasm" OR "adenocarcinoma") AND ("diabetes" OR "diabetes mellitus") were searched (from inception to June 2016). The details of the search strategy are listed in Supplemental 1. Manual searches of the reference lists from all the relevant studies and review articles were conducted as well. The medical subject heading, methods, population status, design, exposure, and outcome variables of these articles were used to identify the relevant studies.
The literature search was independently undertaken by 2 authors using a standardized approach. Any inconsistencies between these 2 authors were settled by the primary author until a consensus was reached. The criteria for eligibility of the studies were as follows: (1) the study had to have a cohort design (prospective or retrospective); (2) the study investigated the association between DM and the risk of gastric cancer incidence or mortality; and (3) the study should report effect estimates (risk ratio [RR] , hazard ratio [HR], standard incidence/ mortality ratio [SIR/SMR]) and 95% confidence intervals (CIs) for comparisons of participants with DM and those without DM. We used the following exclusion criteria: (1) the type of study was non-cohort design; (2) the studies evaluated other factors such that the relationship between DM and gastric cancer was not available; and (3) the publications were duplicated studies, abstracts, reviews, or the reported data from an abstract or from a meeting.
Data collection and quality assessment
Studies were reviewed and data extracted independently by two authors using a pre-designed standard form. The following data were extracted from each study: the study group or first author's name, publication year, country, assessment of exposure, sample size, age at baseline, gender, percentage of participants overweight, gastric cancer cases, gastric cancer mortality cases, effect estimate, follow-up duration, and adjusted factors. For studies that reported several multivariable adjusted RRs, we selected the effect estimate that was maximally adjusted for potential confounders. Attempts were made to contact the authors for missing data.
The Newcastle-Ottawa Scale (NOS), which is quite comprehensive and has been partially validated for evaluating the quality of observational studies in metaanalysis, was used to evaluate methodological quality [39] . The NOS is based on the following 3 subscales: selection (4 items), comparability (1 item), and outcome (3 items). A "star system" (range, 0-9) has been developed for assessment (Table 1 ). The data extraction and quality assessment were conducted independently by 2 authors. Information was examined and adjudicated independently by an additional author referring to the original studies.
Statistical analysis
We examined the relationship between DM and risk of gastric cancer incidence or mortality on the basis of the effect estimate (RR, HR, SIR/SMR) and its 95% CI published in each study. If more than one, subsets were pooled by using a fixed effect model to calculate their RRs and 95%CIs for effect estimates of each study [40] . We used the random-effects model to calculate summary RRs and 95%CIs for participants with DM versus participants without DM [41] . We probed the association between DM and gastric cancer in men and women separately. Finally, the ratios of relative risk (RRRs) and the corresponding 95%CIs were used to calculate gender difference for the relationship between DM and gastric cancer incidence or mortality [42] .
Heterogeneity between studies was investigated by using I-square and Q statistic, and were regarded as significant heterogeneity if the P value was less than 0.10 [43, 44] . Sensitivity analyses were also conducted to evaluate the impact of individual studies by systematically removing each individual study from the meta-analysis [45] . Subgroup analyses were conducted for gastric cancer incidence and mortality in men and women on the basis of country, age at baseline, effect estimate, follow-up duration, adjusted BMI, smoking, alcohol consumption, and physical activity or lack thereof. Interaction tests for differences between men and women in subsets were also calculated [46] . Several methods were employed to check for potential publication bias, including visual inspections of funnel plots for gastric cancer incidence and gastric cancer mortality and the Egger [47] and Begg [48] tests. All reported P values are 2-sided, and P values less than 0.05 were regarded as statistically significant. Statistical analyses were performed using STATA software (version 12.0; Stata Corporation, College Station, TX, USA).
